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INTRODUCTION 


The  "dry"  regions  of  Africa,  Israel,  the  United  States  and 
many  other  lightly-watered  places  of  our  planet  are  being  revita- 
lized into  agricultural  productivity  with  water  pipelines,  canals 
and  inflatable  plastic  greenhouses  designed  to  prevent  evaporation 
rather  than  generate  heat.  Mankind  can  exist  where  prior  to  these 
new  distribution  means  only  sparse  nomadic  populations,  or  none, 
were  possible. 

Not  all  of  the  world's  deserts  were  created  by  natural 
progression  or  by  changing  weather  patterns  and  wind-marching  sand 
dunes;  often  they  were  triggered  by  men  as  a result  of  readily- 
definable  abuses  including  the  over-cutting  of  forests,  overgrazing, 
promotion  of  soil  erosion,  and  poor  judgement  and  management  in 
general. 

Desert-promoting  practices  indulged  in  by  primitive  men  are 
still  in  use  today.  They  can  be  observed  near  the  world's  existing 
deserts  and  to  some  degree  in  almost  any  region  of  the  western 
United  States. 

Although  the  modern  world  hardly  notices,  many  tribes  and 
communities  depend  upon  only  wood  for  both  space  heating  and  cooking. 
Trees  are  disappearing  in  the  advance  of  agriculture,  grazing, 
wood-cutting,  and  burning.  Denuding  of  forest  lands  is  the  final 
trigger— move  by  drylands  people  in  the  creation  of  deserts,  one 
small  misstep  for  a drylands  wood-burning  community  initiates  a 
giant  step  toward  either  a new  or  an  expanded  desert. 

Israel's  deserts  have  already  been  partially  reclaimed. 
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They  are  excellent  examples  of  man-made  disasters  that  have  responded 
well  to  water-carrying  pipelines  and  canals  and  good  land  practices 
using  prudent  irrigation. 

On  the  coast  of  Africa,  the  town  of  Luderitz  depends  upon 
piped  water.  The  town  must  survive  high  winds,  dust,  sand,  and  oddly, 
an  all-prevading  dampness ( from  the  ocean).  Thermal  distillation  of 
seawater  supplies  the  town  with  fresh  water  but  not  adequately.  Since 
May  1969  abundant  fresh  water  is  received  from  the  underflow  of  tne 
Koichab  River  through  a 67-mile  pipeline  across  the  Namib  desert. 

The  town  of  Luderitz  has  grown  to  a population  of  about  7,000. 

Water  for  the  town  of  Walvis  Bay  in  South  West  Africa  is 
obtained  through  a pipeline  from  wells  tapping  the  underflow  of  the 
Kuiseb  River  23  miles  to  the  southeast.  Water  is  delivered  to  the 
city  and  on  to  Swakopmund.  Quality  of  water  is  good  and  tne  amount 
is  sufficient  to  supply  the  city  much  beyond  its  present  usafce  of 
over  one  million  gallons  per  day. 

Germany  formally  proclaimed  a protectorate  over  the  whole  of 
South  West  Africa  (except  the  British  enclave  at  Walvis  Bay)  in  1&&4. 
The  town  of  Swakopmund  grew  rapidly  during  the  first  two  decades  of 
German  control.  Curiously,  too,  Swakopmund  established  a brewery, 
which  gained  a very  high  reputation  for  its  product,  in  spite  of  the 
fact  that  the  quality  of  the  local  water  made  it  barely  drinkable 
at  times.  Formerly,  water  for  the  brewery  was  brought  from  Germany  by 
ship;  later,  for  some  40  years  after  World  War  II,  and  before 
extension  of  the  pipeline,  water  was  brought  in  by  railroad  tank-car 
from  Walvis  Bay. 

Israel,  a land  resembling  California  where  summers  are  long 
and  dry  and  rains  come  in  winter  has  used  water  canals  and  pipelines 
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to  turn  a man-made  desert  into  a productive  agricultural  region. 

The  deserts  that  marched  over  this  once-flourishing  land  were 
mostly  the  work  of  man,  not  nature.  Fortunately,  there  are  springs 
and  a porous  limestone  geological  structure  which  absorbs  much  of 
the  rain  and  distributes  it  from  areas  of  high  rainfall.  The 
rainfall  measures  42  inches  in  the  north  to  26  inches  at  Jerusalem 
to  less  than  2 inches  at  Eilat  on  the  Gulf  of  Aquaba  at  the  foot  of 
the  desert  of  Negev. 

The  master  plan  for  the  canal  and  pipeline  water  system 
includes  the  diversion  of  water  from  the  head  of  the  Jordan  River 
Valley,  where  rainfall  is  heaviest,  to  arid  lands  in  the  south. 

Some  of  the  concrete  pipe  used  in  this  system  measures  up  to  70 
inches  in  diameter. 

The  Soviet  Union  already  has  dug  some  extensive  water  canals 
to  connect  river  systems  and  more  evenly  distribute  her  waters  into 
new  areas.  Reports  indicate  that  controlled  nuclear  explosions  are 
planned  to  execute  even  more  ambitious  canals,  linking  major  river 
systems  and  to  divert  into  more  critical  usage  areas  the  water  that 
is  presently  being  funnelled  into  and  essentially  wasted  in  the  sea. 

As  one  would  expect,  deserts  pose  many  special  problems. 

Soil  conditions  and  the  excessive  sulfate  and  salt  content  in  parts 
of  t ne  Middle  East  can  critically  corrode  even  iron  pipe.  Surface 
temperatures  often  as  high  as  170°  F can  quickly  distort  most  types 
of  plastic  pipe.  A major  pipeline  company  has  developed  a non-metallic 
pipe  that  can  withstand  the  harsh  desert  environment  and  bring 
new  water  to  its  inhabitants. 
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This  informal  report  consists  of  brief  discussions  on  dryland 


areas  of  the  Northern  Plains  and  the  United  States  where  water 
pipelines  have  already  improved  the  lives  and  agricultural  produc- 
tivity of  numerous  Americans.  Secondary  discussions  relate  to 
global  desertification  and  some  of  the  remedial  efforts. 

In  future  years  the  report  may  assist  those  who  are  in 
some  way  involved  in  planning  new  pipeline  water  systems. 
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WATER  FOR  DRYLANDS  AND  DESERTS 


Summary 

Water  pipeline  systems  serving  the  Northern  Plains  and  specifically 
providing  water  for  several  of  Montana's  relatively  dry  east-of-divide  re- 
gions have  created  increased  agricultural  productivity  and  improved  life 
quality  both  for  rural  dwellers  and  the  small  adjacent  communities.  In 
areas  where  ground  water  is  scarce  or  heavily  mineralized,  the  economical 
new-style  plastic  pipelines  permit  expansion  of  operations.  New  ventures 
into  livestock  production  and  utilization  of  animal-food  resources  such  as 
post-harvest  wheat  and  barley  residues  are  possible. 

Northern- county  water  pipelines  serve  other  than  livestock,  farm,  and 
domestic  needs.  Water  Association  memberships  include  such  businesses  as 
dairy:  truck-camper  manufacturer:  grain  elevator;  motel;  training  school 
facility,  etc. 

Montana  communities  and  farm  and  ranch  lands  served  by  the  water  pipe- 
line system  include  those  in  and  around  Galata;  South  Chester;  North  Joplin 
Devon:  and  both  the  South  Tiber  area  and  vicinity  of  Carter  ^east  of  Conrad) 
New  systems  have  been  considered  elsewhere  in  areas  such  as  Kevin  and  the 
Box  Elder  Creek  drainage  of  Carter  County . 

None  of  the  discussed  pipelines  provide  water  for  crop  irrigation. 
Relatively  limited  capacities,  cost  of  water  and  types  of  funding  prohibit 
use  of  the  water  for  irrigation. 

Water  scarcity  prevailing  in  relatively  extensive  areas  oi  northern 
counties  in  the  vicinity  of  the  communities  of  Galata,  Shelby,  Conrad,  and 
Carter  encouraged  organization  and  development  of  pipeline  systems.  Similar 
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problems  with  water  in  other  Monana  and  Northern  Plains  regions  are  encour- 
aging landowners  to  organize  and  proceed  with  development  plans  for  new 
pipelines . 

1.  FUTURE  WATER  NEEDS  AND  PIPELINE  WATER  Si STEMS 

Eastern  Montana's  geologically  dry  regions  are  essentially  devoid  of 
ground  (sub-surface)  water  supplies.  These  agricultural  and  livestock  regions 
support  farm  and  ranch  operations  and  some  have  the  additional  economical 

constraint  of  being  functionally  dry  (i.e.  having  no  surface  waters  to  draw 
upon) . 

For  most  such  farms,  drilled  wells  where  feasible  provide  domestic  and 
general  farm  and  ranch  water,  and  in  some  instances  also  may  produce  limited 
amounts  of  irrigation  water.  However,  in  some  rather  extensive  areas,  attempts 
to  develop  a dependable  well  on  each  farm  or  ranch  may  be  neither  technolog- 
ically nor  economically  feasible.  Ground  water  may  be  too  deep  for  economical 
and  dependable  recovery  or  too  heavily  mineralized  for  successful  human  and 
livestock  use.  Water  may  be  for  all  practical  purposes  absent.  Also,  where 
water  is  randomly  scattered  in  ground  water  "pools"  or  lenses,  and  lacking 
major  aquifers,  there  may  be  an  increase  in  the  economic  risk  of  even  attemp- 
^fug  to  drill  deep  wells  (those  in  the  1000— foot  and  beyond  category'). 

Data  compiled  recently  by  the  Montana  College  of  Mineral  Science  and 
Technology  include  tibout  6,000  wells  in  the  Yellowstone/Tongue  area  averag— 
ing  approximately  225  feet  in  depth.  These  data  emphasize  the  shallow  nature 
of  most  southeastern  Montana  wells.  Wells  of  more  than  300  feet  are  un- 
common, although  in  east-central  Montana,  a few  wells  for  domestic  or  live- 
stock watering  purposes  may  exceed  1,200  feet  in  depth. 

Active  wells  in  some  dry  agricultural  areas  are  in  the  200-  to  500-foot 


category.  Seasonally  useable  streams  may  go  essentially  dry  during  summer 
when  water  is  needed  most  urgently;  thus,  creeks  can  not  be  depended  upon 
for  consideration  as  year-around  pipeline  water  supplies. 

Boundaries  of  a potential  pipeline  water  association  district  could 
in  some  areas  be  drawn  by  plotting  the  fence  lines  of  those  farm  and  ranch 
units  lying  within  a contiguous  "dry"  area  to  which  water  is  regularly  be- 
ing hauled  by  truck. 

As  few  as  twenty  farm  and  ranch  units  grouped  within  one  of  these  rela- 
tively dry  areas  may  form  the  nucleus  for  organization  of  a water  association 
district  served  by  a common  pipeline.  Hauling  of  water  to  a couple  of  dozen 
or  more  contiguous  farm  and  ranch  units  has  typically  led  to  discussions 
aimed  at  developing  a reliable  source  of  good  water. 

Community  pipeline  water  is  normally  too  expensive  for  general  crop 
irrigation  applications.  Limited  quantities  of  water  and  funding  methods 
are  not  compatible  with  irrigation  for  commercial  crop  production.  The 
pipeline  systems  discussed  herein  serve  critical  uses  other  than  crop  irri- 
gation. Usage  limitations  are  imposed  on  water  when  it  is  partially  funded 
through  Federal  agency  sources  and  intended  only  for  livestock-related  pro- 
jects. 

Vegetable  gardens,  flowers,  lawns,  shrubbery,  both  field  and  home  wind- 
breaks, and  ornamental  trees  all  may  benefit  from  pipeline  water.  However, 
such  water  typically  and  primarily  is  intended  for  livestock  with  the  added 
secondary  advantages  of  domestic  usage.  A few  farms  within  pipeline  systems 
may  do  some  irrigation  with  water  obtained  from  sources  not  related  to  the 
pipeline;  i.e.  east  of  Conrad j Montana  irrigation  is  accomplished  with  water 
obtained  from  Lake  Frances. 

Gas  wells  drilled  in  north-central  Montana  provide  an  example  of  what 
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lies  below  the  surface  of  some  of  these  typically  "dry"  areas.  Gas  wells 
were  drilled  to  depths  ranging  up  to  iiOOO  feet  passing  through  two  separate 
strata  of  water-bearing  formations.  Water  from  each  of  these  formations  was 
tested  and  determined  as  being  too  heavily  mineralized  for  either  humans  or 
cattle.  In  other  Montana  dry  areas  similar  conditions  exist  wherein  reach- 
able water-bearing  formations  are  either  absent  or  randomly  located;  or  if 
water  is  obtained  it  may  be  too  heavily  mineralized  for  reasonable  livestock 
or  domestic  usage. 

Reservoirs  or  dams  constructed  in  some  "dry"  locations  effectively 
collect  spring  run-off.  This  water  may  either  totally  supply  the  farm  or 
ranch  or  supplement  truck-hauled  water  aimed  at  domestic  use  and  livestock. 

In  many  areas  such  reservoirs  have  proved  to  be  at  least  a partial  answer 
to  truck-hauled  water. 

A northern- county  farmer  hauled  270  loads  of  water  annually  for  distances 
of  20  or  more  miles  per  round  trip;  truck  capacity  was  2500  gallons  (which 
totals  around  675)000  gallons  hauled  per  year).  On  this  farm,  pipeline  water 
develops  extra  agricultural  production  which  represents  an  additional  $7000 
per  year  from  the  land. 

Increases  in  agricultural  and  livestock  productivity  have  been  evident 
even  at  this  relatively  early  date  in  the  existence  of  the  northern  county 
water  systems.  In  the  Tiber  County  Water  Association  farmers  may  run  cattle 
on  cropped-off  fields  where  formerly  the  crop  residue  was  not  productively 
used  due  to  lack  of  cattle-watering  facilities  within  the  fields. 

In  one  northern- county  farming  area,  and  elsewhere,  water  was  being 
hauled  for  crop  spraying.  Time-consuming  aspects  alone  limited  spraying 
that  could  be  accomplished  within  critical  periods  of  time  available  for 
such  activities.  Existing  pasture  lands  were  not  used  in  the  fall  following 


crop  harvest  because  water  sources  were  unavailable  in  the  fields.  The 
option  for  many  area  crop  farmers  to  diversify  into  cattle  or  swine  pro- 
duction was  not  available  due  to  insufficient  water  for  their  operations. 
Diversification  into  livestock  helps  stabilize  and  increase  income  from  crop 
farming.  During  years  of  lowered  crop  production,  income  from  livestock 
offsets  farm  losses. 

Developing  vegetable  gardens,  windbreaks,  shelterbelts,  shrubbery, 
and  lawns  was  nearly  impossible  with  truck-hauled  water.  Farmers  and  ranchers 
made  up  to  six  or  seven  trips  per  week  to  haul  water  for  an  average  of  2,126 
gallons  per  week  for  each  farm-ranch  operation.  Distances  for  water  hauls 
generally  ranged  from  around  9 miles  up  to  20  miles  each  way.  A few  hauled 
water  one-way  distances  approaching  30  miles. 

Springs  in  the  area  of  one  pipeline  system  provided  a source  for  filling 
water  trucks.  Many  of  these  springs  may  have  a slow  recharge  rate  which 
causes  a drying  up.  At  best,  such  springs  offer  an  unstable  and  possibly 
a steadily -diminishing  source  of  water. 

An  estimated  30  percent  of  farm  and  ranch  families  in  the  typical  dry 
area  haul  some  or  all  of  their  domestic  water.  There  are  few  springs  $ the 
available  ponds  tend  to  dry  up  in  mid-summer  and  small  creeks  also  may  shrink 
to  a series  of  semi-stagnant  pools. 

One  sheep  rancher  in  a typical  dry  area  estimates  that  if  water  were 
available  from  a pipeline  water  system  it  would  put  an  additional  ten  pounds 
per  animal  on  lambs . 

The  relatively  low  cost  of  modern  plastic  pipelines  and  improved  methods 
of  trenching  have  encouraged  construction  of  new  systems.  Plastic  pipe  is 
glued,  joined  and  laid  along  the  route  by  a worker  riding  the  rear  of  a 
trailer.  The  trenching  machine  then  moves  forward  simultaneously  digging 
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and  laying  pipe  into  the  trench.  The  continuous  string  of  pipe  is  directed 
across  the  top  of  the  machine  and  guided  into  the  trench. 

Miles  of  trench  can  be  dug  and  the  pipe  covered  in  a single  day.  Size 
of  the  mainline  pipe  generally  ranges  from  around  2-lg  inches  to  6 inches  in 
diameter,  with  steel  or  iron  pipe  normally  not  needed  and  considered  only 
for  specific  use  such  as  steep  downgrades,  etc.  Pipe  within  the  farm  or 
ranch  property  is  scaled  down  to  1-inch  diameter.  By  means  of  pumps  and 
pressure  reducers  a consistent  water  pressure  can  be  maintained  across 
undulating  terrain  and  kept  well  below  the  pipe's  rated  safety  capacity. 

2.  ORGANIZING  THE  COMMUNITY  WATER  ASSOCIATION 

Fotential  Water  Association  members,  the  agricultural  landowners  operat- 
ing in  these  relatively  waterless  regions,  typically  met  in  their  homes  or 
community  halls  to  discuss  their  commonly- snared  water  problems.  Time  span 
between  original  discussions  and  the  realized  goal  of  a developed  system 
stretched  to  three  or  four  years  in  some  communities.  In  other  locales 
plans  for  development  of  a system  are  still  seriously  being  considered,  but 
actual  construction  may  be  delayed  until  some  unknown  future  date. 

In  most  of  these  communities,  organizational  efforts  tended  to  revolve 
around  an  individual  who  worked  to  keep  the  idea  alive  with  neighbors,  and 
established  contact  with  local  governmental  agencies  and  generally  attempted 
to  expand  the  size  of  the  initial  group  to  include  landowners  in  more  distant 
portions  of  the  proposed  pipeline's  service  area.  Development  of  an  engin- 
eering plan  and  informational  meeting  with  agencies  such  as  A3CS  and  SCS 
helped  to  move  the  plans  from  the  discussion  stage  into  the  mapping  of  pro- 
posed pipeline  routes  and  selection  of  water  source  locations  and  initial 
engineering  studies. 

Early  attempts  to  identify  and  develop  funding  sources  paralleled 
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initial  organization  of  the  typical  Water  Association. 


Steps  for  the  Water  Association 
Location  For  Two  Wells  (one  for  back-up) 

Accomplish  geological  studies  (with  adequate  technical  assistance)  and 
determine  potential  location  of  wells. 

Begin  negotiations  with  governmental  agencies  and  private  landowners 
i'or  easement  for  wells. 

Discuss  potential  location  of  wells  with  local  residents  who  may  be 
apprehensive  over  the  possibility  of  lowered  water  levels  in  their  own 
existing  wells. 

Easements  and  Right-of-Ways 

In  some  north-central  Montana  water  systems,  obtaining  easements  across 
lands  held  in  absentee  ownership  has  caused  time-consuming  delays. 
Easements  across  (i.e.  drilled  under)  paved  state  highways  and  railroads 
are  time-consuming  to  obtain  but  are  usually  obtainable. 

Obtaining  easement  along  county  roads  in  most  western  states  is  readily 
acquirable. 

In  one  of  Montana's  northern- county  water  systems  an  easement  for  the  two 
wells  was  granted  free  by  the  landowner  as  a public  service  for  his 
neighbors,  and  this  landowner  was  not  a member  of  the  Water  Association. 
Information  from  northern  county  water  systems  in  Montana  indicates  that 
obtaining  easements  across  BLM  or  other  federal  lands  can  prove  time  con- 
suming. Planning  for  this  category  of  easement  should  begin  early  in  the 
sequence  of  pipeline  development. 

It  is  not  unusual  for  a landowner  to  give  an  easement  across  private 
land  for  $1.00  and  a consideration.  This  routinely  applies  where  the 
landowner  will  benefit  from  the  new  source  of  water.  Normally,  an 
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easement  will  request  a width  necessary  for  construction  purposes  and 
then  revert  to  50  percent,  or  less,  of  that  width  for  continued  main- 
tenance purposes. 

* On  agricultural  land  the  easement  may  be  given  for  a one-time  charge 
plus  continued  protection  of  soil  production  capabilities  and  any  sub- 
sequent crop  damage.  When  laying  a pipeline  in  the  6"  diameter,  or  less, 
category,  little  disturbance  is  caused  by  the  trenching  operation.  The 
trenching  and  pipe  laying  is  accomplished  in  a manner  designed  to  mini- 
mize crop  damage. 

* Easements  on  a railroad  right-of-way  are  typically  granted  for  a one- 
time payment  of  a fee  expressed  in  cents  per  inch  of  diameter  per  linear 
foot. 

Obtaining  Professional  Engineering  Services 

* Prior  to  submitting  Pre-Application  forms  to  FmHA,  completion  of  an 
Engineering  Feasibility  Study  is  essential. 

* Existing  pipeline  water  systems  in  the  northern  counties  of  Montana 
have  typically  solved  the  problem  of  obtaining  early  engineering  studies 
and  associated  work  by  collecting  either  $100.00  or  $200.00  per  Water 
Association  member.  This  amount  is  considered  a personal  investment  in 
the  water  system  and  is  not  reimbursed  through  subsequent  grants  or  loans. 
The  assessment  serves  to  attract  an  engineering  firm's  services  for 
accomplishing  a feasibility  study  and  associated  work,  and  with  the  under- 
standing that  this  same  firm  will  continue  through  to  the  end  of  the  pro- 
ject as  the  project  engineers.  Engineering  firms  commonly  charge  a fee 
reflecting  a percentage  of  the  total  cost  of  the  entire  water  system. 

’ Contact  engineering  firms  that  have  worked  FmHA  approved  and  similar 
projects. 
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Water  Association  Completes  Legal  Organization 


With  the  assistance  of  an  attorney  (perhaps  one  experienced  specifically 
in  water  systems) the  Association  organizes  into  a legally-recognized 
body. 

The  Association  holds  an  election  for  officers. 

Boundaries  of  the  water  system  region  are  advertised  in  local  newspapers. 
Pre-Application  Forms  are  Submitted  to  FmHA 

From  this  stage  onward,  State  and  County  FmHA  offices  will  assist  the 
Water  Association  in  preparing  forms,  directing  required  activities,  etc. 
FmHA  Grant  and  Loan  Information 

The  median  net  income  for  landowners  in  the  water  system  region  is 
determined  by  FmHA,  either  from  census  records  or  from  a combination  of 
such  records  and  other  similar  sources. 

Awarding  the  grant  is  based  on  whether  1 percent  of  the  annual  net  in- 
come of  the  landowner  is  sufficient  to  pay  off  his  personal  share  of  the  U0- 
year  loan. 

If  1 percent  of  the  median  landowner  income  is  sufficient  to  pay  off 
the  loan  over  a ItO-year  period  then  no  grant  is  awarded. 

An  FmHA  grant  would  be  awarded  in  cases  wherein  1 percent  of  the  median 
net  income  for  the  region  is  not  sufficient  to  pay  off  the  iiO-year  loan.  In 
this  event,  the  FmHA  grant  would  cover  the  gap  between  what  the  1 percent 
would  pay  (per  year)  and  what  was  owed  on  the  loan  (per  year). 

The  FmHA  would  back  a loan  obtained  by  the  Water  Association  from  a 
private  bank.  The  Water  Association  would  obtain  from  a bank  the  loan  to 
pay  off  what  the  ASCS  grant  and  any  other  grant  or  private  contributions 
did  not  cover.  FmHA  would  back  the  loan  by  paying  90  percent  of  the  bank's 
loss  if  the  loan  should  go  into  default. 
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3.  TYPICAL  COMMUNITY  MEETING  TO  EXPLORE 
ORGANIZATION  OF  A WATER  ASSOCIATION 

In  a typical  water-scarce  county  of  the  Northern  Great  Plains,  a group 
of  30  local  farmers  and  ranchers  and  other  interested  persons  gathered  to 
discuss  the  organization  of  a Water  Association  to  accomplish  planning, 
financing,  and  construction  of  a water  pipeline.  Main  line  for  the  planned 
system  would  be  a 6-inch  or  U-inch  plastic  pipe  that  would  carry  water  to 
smaller  diameter  pipes  and  finally  to  individual  1-inch  feeder  pipes  for  the 
dozens  of  farms  and  ranches  located  along  a 30-mile  corridor. 

The  proposed  pipeline  would  extend  over  a distance  of  30  or  60  linear 
miles  but  would  have  a functional  distribution  distance  (i.e.  including  all 
the  branch  and  feeder  lines)  of  perhaps  $0  or  60  miles. 

Several  pipelines  of  medium  length  have  already  been  constructed  in 
Montana.  Others  are  as  short  as  20  miles  and  one  is  as  lengthy  as  330  miles. 

Funding  for  a typical  pipeline  would  come  through  Federal  grants  and 
backed  loans  plus  private  money.  Total  cost  of  a 30-mile  pipeline  (assuming 
1977  dollars)  was  estimated  at  around  $661,000  which  includes  $7000  for  drill- 
ing and  outfitting  an  6-inch  cased  well.  There  was  at  least  some  indication 
that  the  total  price  could  be  less  than  this  ball-park  figure. 

Recent  geological  studies  had  been  aimed  at  locating  a suitable  place 
for  one  primary- source  well  plus  a back-up  well.  In  this  region  it  was 
anticipated  that  a suitable  quantity  of  good  water  could  be  obtained  at  around 
UOO  feet  in  a well-known  aquifer.  It  was  not  originally  anticipated  that 
any  considerable  resistance  would  be  met  to  the  drilling  of  such  wells. 

However,  other  landowners  using  the  same  aquifer  became  concerned  over  the 
possibility  that  their  own  wells  would  be  affected.  In  today's  water-conscious 
world  of  western  America,  any  new  multiple-user  well  will  probably  be  contested 
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by  anyone  who  has  reason,  either  real  or  imagined,  to  worry  about  having 
their  own  water  supply  diminished. 

This  typical  association  meeting  assembled  the  interested  and  poten- 
tial water  association  members  as  well  as  representatives  of  various  govern- 
ment and  private  angencies,  including:  (1)  A.S.C.3.:  (2)  3.C.S.  (local  and 

regional):  (3)  Private  contractors;  (local  and  regional;  some  of  whom  have 
already  constructed  similar  pipeline  water  systems):  (U)  County  residents 
and  potential  water  association  leaders  and  members;  (5)  FmHA  representative 
(Dept,  of  Agriculture):  (fc)  Attorney;  (7)  Representative  of  Department  of 
Community  Affairs. 

During  this  informal  meeting,  discussion  centered  around  essential 
topics  necessary  to  the  forming  of  a legally-recognized  Water  Association 
as  a basis  for  applying  for  grants  and  loans.  Discussion  topics  included; 
location  of  well  site;  gaining  easements  for  pipeline  and  wells;  construction 
and  maintenance  of  the  pipeline:  potential  water  needs  of  the  potential  users; 
need  for  an  engineer  to  manage  the  project  through  to  completion;  and  various 
related  discussions. 

Estimates  for  domestic  users  in  this  geographical  region  averaged  about 
30  gallons  of  water  per  individual  usage  each  day  with  livestock  needs  at 
12  to  15  gallons  per  head  per  day. 

A well  with  a maximum  potential  of  52  (gpm)  gallons  per  minute  for  about 
30  users  was  judged  as  being  acceptable  for  combined  livestock,  general  farm 
use,  and  all  domestic  purposes. 

The  proposed  plan  was  to  locate  the  well  in  a water-bearing  formation 
at  the  "up-hill"  end  of  the  general  system  so  that  gravity  flow  would  be 
available.  In  this  proposed  system  the  pounds-per-square-inch  (psi)  levels 
would  not  exceed  200  psi.  Thus,  plastic  PVC  pipe  of  the  Johns  Manville  or 
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Robintech  type  could  be  used  and  the  overall  cost  of  the  pipeline  would  be 
reduced  far  below  costs  for  an  older-style  iron  or  steel  pipeline  of  similar 
capacity.  Plastic  pipe  for  water  has  been  in  general  use  for  over  a decade 
at  least. 

An  important  unknown  was  selection  of  a site  for  the  well.  Many  poten- 
tial water  association  members  did  not  want  to  join  the  effort  until  an  accep- 
table well  location  had  been  studied  and  finalized. 

At  the  meeting  opinions  were  expressed  that  engineering  on  this  proposed 
pipeline  needed  to  be  firmed  up  before  proceeding  further  into  such  matters 
as  organizing  the  potential  users.  At  this  point  in  time  the  proposed  pipe- 
line and  well  projects  were  not  fully  engineered  and  no  full  set  of  engin- 
eering drawings  had  yet  been  developed.  It  was  determined  that  planning 
discussions  should  proceed  on  these  matters. 

Obtaining  easements  for  the  proposed  water  pipeline  was  judged  to  be 
relatively  simple;  a substantial  portion  of  the  easements  were  across  pro- 
perty of  the  potential  water  users.  However,  segments  of  the  proposed  pipe- 
line route  were  judged  to  be  across  small  portions  of  BLM  land. 

Important  unknowns  and  development  features  that  were  designated  for 
research  by  the  involved  persons,  included:  (1)  location  of  a suitable  well 
site:  (2)  arriving  at  total  engineering-based  cost  figures;  (3)  determining 
whether  EDA  funds  could  be  applied  to  cost  for  a project  engineer;  (Ii)  organ- 
ization of  the  potential  users  into  a legally-recognized  entity;  (5)  preparing 
groundwork  needed  to  apply  for  grants  and  other  funding;  etc. 

Opinions  derived  from  the  meeting  were  that  the  proposed  pipeline  water 
system  was  a valuable  and  needed  project  that  would  somehow  encourage  and 
attract  the  necessary  funding,  both  public  and  private,  once  the  basic  engin- 
eering and  organizational  efforts  were  completed. 
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Li.  FUNDING  A RURAL  PIPELINE 


The  model  funding  approach  making  use  of  available  sources  for  a 
medium-range  pipeline  water  system  is  reflected  in  the  133-mile  system 
located  at  Galata. 

Funding  for  the  Galata  system  was  provided  by  ASCS  and  FmHA  in  the 
form  of  grants  and  loans  with  an  additional  private  loan  used  on  an  interim 
basis.  Obtained  through  the  County  Commissioners,  revenue  sharing  (City/ 
County)  provided  funding  for  the  two  counties  of  Liberty  and  Toole.  As 
described  elsewhere  herin,  each  Association  member  deposited  a cash  advance 
to  obtain  early  engineering  assistance. 

Funding  for  the  133-mile  Galata  pipeline  water  system  originated  as 


follows: 

Source 

Total 

ASCS  (grant) 

FmHA  (grant) 

FmHA  (loan) 

Revenue-sharing  (City/County;  Liberty  and 
Toole  Counties) 

Cash-per-member  fee  (to  pay  for  engineering 
assistance) 

Total 

5.  SOURCED  OF  WATER  — WELLS,  RESERVOIRS, 

RIVERS  AND  SPRINGS 

Locating  dependable  amounts  of  good  quality  water  is  the  first  goal 
of  Water  Association  development.  ASCS  and  ECS  personnel  can  assist  the 
group  in  determining  their  water-source  needs  and  also  help  them  accomplish 
preliminary  survey  work  plus  some  of  the  related  problems  of  organization. 
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Drilling  a couple  of  high-capacity,  multiple-use  wells  in  eastern 
Montana  is  no  simple  private  project  in  these  times  of  widespread  sensi- 
tivity to  any  new  usage  of  water  sources  that  may  potentially  degrade  or 
lower  the  water  supplies  already  in  use.  In  more  than  one  instance,  Water 
Associations  have  found  that  it  is  necessary  to  prepare  a geological  study 
to  prove  that  the  new  well  in  no  way  affects  already  existing  wells.  This 
trend  toward  either  real  or  imagined  anxiety  concerning  existing  farm-and- 
ranch  wells  appears  to  be  increasing  as  more  urgent  demands  are  placed  upon 
sub-surface  water  supplies. 

In  one  of  the  smaller  water  districts,  a newly-developed  well  would  not 
pass  the  requirements  of  the  inspection  and  had  to  be  abandoned.  Obtaining 
water  from  a nearby  river  and  passing  it  through  an  infiltration  plant  proved 
to  be  the  best  solution. 

The  capacity  of  a well  currently  serving  83  users  was  originally  test- 
rated at  a top  potential  limit  of  300  gallons  per  minute.  The  normal  day- 
to-day  functional  demand  on  this  well  is  approximately  160  gallons  per  minute; 
this  normal-usage  flow  makes  available  about  2500  to  2700  gallons  of  water 
to  each  of  83  users  per  2h-hour  period  on  a non-metered  but  flow-controlled 
system.  Thus,  total  on-line  potential  output  of  the  system  is  22^,100  gallons 
per  each  2li-hour  period. 

dome  smaller  pipeline  systems  that  have  20  to  30  members  and  can  accept 
minimum  to  medium  inputs  of  water  can  operate  with  a well  producing  as  little 
as  60  gallons  per  minute.  Furthermore,  these  shorter-range  systems  in  the 
30-mile  or  below  category  can  use  a smaller  main  pipe  that  is  in  the  ij-inch 
or  even  2^6-inch  diameter  category:  this  smaller  pipe  reduces  the  total  sys- 
tem cost  considerably. 

Water  from  a pair  of  high-capacity  wells  with  one  as  back-up  is  the 
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first  choice  when  the  wells  can  be  sited  at  reasonable  depths  (i.e.  within 
economic  and  technological  limits)  and  at  convenient  locations  in  relation 
to  power  lines  and  the  pipeline  service  area.  However,  sources  of  pipeline 
water  include  reservoirs  and  rivers,  by  necessity,  in  areas  where  such  are 
available  and  where  opportunities  for  good  wells  and  their  development  are 
scarce.  In-stream  wells  are  often  created  by  sinking  large-diameter  con- 
crete pipes  vertically  into  the  gravel  and  sand  within  a river.  The  water 
is  passed  through  a simple  infiltration  and  chlorination  system. 

The  Tiber  County  water  system  is  an  excellent  sample  of  using  an  exist- 
ing reservoir  as  a water  source.  The  abandoned  anti-ballistic  missile  site 
and  its  infiltration  plant,  pipelines,  intake  structure,  etc,  were  taken 
over  by'  the  Tiber  County  Water  Association  and  now  delivers  Tiber  Lake  water 
to  farm  and  ranch  and  local  business  users  in  whatever  quantities  are  needed. 

Pipeline  Water  Systems 

Water  Sources 

The  U.3.  Geological  Survey  reported  in  I965  that  approximately  65  per- 
cent of  the  Nation's  population  served  by  public  water  facilities  were  using 
surface  water  but  only  35  percent  were  using  ground  water.  However,  in 
rural  areas,  ground  water  was  the  dominant  source  and  supplied  95  percent  of 
the  domestic  needs. 

Water  Wells  in  Rural  Areas 

The  four  types  of  wells  are  driven,  dug,  bored,  and  drilled.  Wells 
may  be  further  classified  as  shallow  or  deep.  Driven,  dug  and  bored  wells 
ere  shallow  and  rarely  extend  more  than  50  feet  into  the  earth:  deeo-drilled 
wells  may  extend  1,000  feet  or  more. 

Not  all  wells  are  equally  satisfactory . Dug  wells  are  widely  used  in 
rural  areas  where  ground  waters  lie  near  the  surface  and  there  are  no  dense 
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layers  of  rock  to  obstruct  the  digging.  They  are  not  generally  acceptable 
as  safe  and  reliable  water  supplies  because  of  their  shallow  depths  and 
somewhat  vulnerable  designs.  They  are  susceptible  to  contamination  from 
sources  such  as  privies,  hen  houses,  pig  pens,  feedlots,  garbage  dumps, 
and  polluted  streams.  A recent  study  of  individual  water  supplies  in  several 
rural  southern  areas,  for  example,  found  half  of  all  wells  examined  contamin- 
ated, but  the  percentage  of  contaminated  dug  wells  was  much  higher,  in  some 
places  as  much  as  100  percent. 

A relatively  deep,  adequately  designed  and  constructed  drilled  well  is 
the  superior  means  of  developing  a reliable  ground  water  supply  capable  of 
long-term,  high-capacity  production.  Many  rural  residents  do  not  construct 
such  wells,  but  the  constraints  are  more  financial  than  technical. 

Treatment  of  Surface  Water 

If  the  source  of  x^ater  is  a stream  or  lake,  then  the  water  must  be  pro- 
cessed through  a treatment  system.  This  may  include  chemical  coagulation, 
sedimentation,  and  rapid  sand  filtration, 
tost  of  Developing  a Well 

The  initial  cost  of  developing  a well  may  be  reduced,  but  some  short- 
cuts also  may  shorten  the  useful  life  of  the  well  and  increase  operating 
costs. 

The  cost  of  a well  may  be  largely  determined  by:  f 1 ) the  local  well 

contractor  and  his  experience  in  using  available  technology:  (2)  local  geo- 
logical conditions:  (3)  depth  of  well  to  reach  desirable  water:  (U)  well 
diameter,  the  size  of  which  varies  with  desired  capacity,  aquifer  capability. 

A minimum  of  6 inches  diameter  is  advised  to  obtain  well  longevity,  efficiency 
and  ease  of  operation  and  maintenace.  Some  of  the  multiple-user  wells  are 
b inches  diameter. 
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potable  ground  water  ordinarily  requires  little  or  no  treatment  and  thus 
is  considerably  less  expensive  than  usage  of  surface  waters. 

Excellent  ways  of  reducing  intial  costs  include  the  following:  (1) 

conducting  the  essential  hydrologic  ground  water  survey,  thus  permitting 
selection  of  the  most  desirable  well  site:  (2)  preparing  adequate  specifi- 
cations to  ensure  acceptable  materials  and  sound  construction  practices: 

(3)  conducting  close  supervision  of  drilling  progress  which  ensures  prompt 
evaluation  of  drilled  aquifers,  thus  lessening  the  chances  for  "overdrilling. " 
Quality  Control  on  the  Installation 

The  quality  and  life-term  of  the  well  can  be  increased  by  the  following: 
quality  materials,  especially  the  casing  and  screen;  good  workmanship,  with 
special  attention  devoted  to  sampling  of  sand  and  water,  placing  of  grout 
to  control  corrosion  and  prevent  contamination,  and  insisting  on  complete 
development  of  the  screen  and  formation  for  maximum  efficiency  and  longest 
life. 

Low-Capacity  Sand  and  Gravel  Wells 

Throughout  much  of  the  United  States,  drilled  wells  into  alluvial  and 
glacial  deposits  of  sand  and  gravel  above  bedrock  are  common,  especially  in 
the  Midwest.  Successful  wells  in  such  formations  generally  are  in  sand  or 
gravel  which  is  at  least  3 feet  deep . 

These  wells  range  in  diameter  from  It  inches  to  6 inches 
with  a good  quality  well  screen  positioned  opposite  the  aquifer  materials. 

Such  low-capacity  wells  are  drilled  in  -unconsolidated  aquifers  with  use  of 
rotary  or  cable-tool  drilling  methods.  Many  of  these  wells  are  in  the  cate- 
gory of  "shallow  wells"  no  more  than  350  feet  deep  with  the  average  at  around 
115  feet.  Installed  pump  capacities  range  in  such  wells  from  3.5  to  25  (gpm) 
gallons  per  minute  and  average  about  10  gpm. 
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Low-Capacity  Bedrock  Wells 


Wells  drilled  into  dolomite,  limestone,  and  sandstone  serve  many  areas 
of  the  United  States.  When  drilling  reaches  the  consolidated  bedrock  form- 
ation an  open  hole  is  formed  down  into  the  rock.  An  8-inch  casing  may  be 
installed  down  to  the  surface  of  bedrock,  and  a l-inch  to  o-inch  casing  ex- 
tended on  into  the  bedrock  itself,  thus  sealing  out  any  materials  that  are 
prone  to  caving.  ...uantity  of  water  from  bedrock  wells  vary  in  accordance 
with  the  region  and  type  of  formation  involved.  Wells  in  the  10  to  50  gpm 
range  are  not  unusual  for  these  bedrock  formations. 

Well  and  Pump  Maintenance 

Through  proper  well  and  pump  maintenace,  the  life  term  of  the  water 
system  can  be  extended. 

Early  symptoms  of  trouble  may  appear  in  the  form  of  lower  pumping  levels 
decrease  in  productivity  of  the  well:  muddy  or  sandy  water:  noise  or  vibra- 
tion in  the  pumping  equipment.  Decreased  pumping  levels  may  result  from 
variations  in  recharge  of  the  aquifer:  increased  pumpage  in  the  area;  clog- 
ging of  the  screen  and  interior  of  pump  equipment  with  an  incrustation  of 
iron,  silica,  and  carbonates:  and  entrance  of  mud,  sand,  or  silt  into  the 
well,  thus  reducing  the  intake  area. 

Precipitated  material  can  be  removed  by  acidizing  or  phosphating  the 
equipment.  Inhibited  hydrochloric  acid,  sometimes  referred  to  as  muriatic 
acid,  is  commonly  used,  oulphamic  also  is  used.  It  is  possible  to  accom- 
plish this  treatment  without  removing  the  pump  from  the  well  and  by  using 
the  pump  to  surge  and  agitate  the  mixture  by  alternately  starting  and  stop- 
ping the  pump. 

Removal  of  silt,  sand,  and  mud  is  accomplished  by  bailing  or  pumping 
prior  to  the  described  cleaning  efforts.  Usage  of  phosphates  is  critical 
because  prolonged  saturation  without  agitation  can  cause  serious  jelling 
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or  plugging  of  the  screen  and  of  the  sand  and  gravel  surrounding  the  screen. 

Phosphate  should  never  remain  in  the  well  for  more  than  two  hours  and  should 

be  pumped  or  bailed  before  subsequent  applications  are  attempted. 

Water  Supply  Sources  for  Farm,  Ranch , 
and  Rural  Home 

Although  water  systems  may  be  supplied  from  either  ground  water  or 
surface  water  sources,  a drilled  well  is  the  source  of  merit  for  the  small 
or  medium-sized  pipeline  system.  Well  water  is  less  susceptible  to  contam- 
ination than  water  from  other  sources.  However,  well  water  is  more  likely 
to  contain  high  levels  of  dissolved  minerals  such  as  iron  and  manganese. 

Surface  water  sources  generally  represent  the  secondary  option  for  a 
new  pipeline  system  due  to  cost  of  treating  the  water.  Irrigation,  fire 
fighting,  livestock,  and  other  non-domestic  applications  provide  direct 
uses  for  surface  water. 

quantities  required  for  various  uses  are  listed  in  Table  1 below. 

Table  1.  Required  Quantities 


uantity  of  Water  Needed  By:  Gallons  Per  Day 

Each  person 30-  (0 

Each  milk  cow 35 

Each  horse,  dry  cow,  or  beef  animal 6-12 

100  chickens 3-7 

100  turkeys 7-18 

Eacn  hog 2-6 

Each  sheep 2 


"includes  both  drinking  water  and  sanitation  requirements. 

Approximately  700  gallons  of  water  are  required  to  deliver  1 inch  of 
water  on  1,000  square  feet  of  lawn  or  garden.  This  quantity  allows  for 
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some  loss  through  evaporation  or  other  causes. 

The  water  source  for  farm,  ranch  or  domestic  operation  should  produce 
at  least  the  minimum  daily  vrater  requirements.  If  the  source  is  a low- 
yielding  well  or  spring,  a storage  tank  or  cistern  may  supply  water  during 
periods  of  peak  use. 

Ground  Water  Sources 

Ground  water  is  defined  as  any  water  beneath  the  land  surface  or  be- 
neath the  bed  of  a lake  or  stream  and  which  is  not  a part  of  the  surface 
water.  Such  ground  water  moves  or  drains  freely  by  gravity.  In  this  re- 
port, ground  water  may  also  be  referred  to  as  "sub-surface  water."  It  is 
the  water  in  the  zone  of  saturation  — the  zone  beneath  the  surface  of  the 
ground  in  which  all  voids  or  openings  in  the  rock  and  soil  are  filled  with 
water. 

Water  table  is  defined  as  a source  of  water  which  follows  the  general 
contour  of  the  earth's  surface  and  is  higher  under  hills  than  beneath  valleys. 
It  may  rise  during  rainy  periods  and  drop  during  droughts. 

Water  may  also  be  confined  above  the  main  zone  of  saturation  by  imper- 
vious stratum.  It  is  then  called  perched  water,  and  its  upper  limit  becomes 
a perched  water  table. 

An  aquifer  is  any  underground  geological  structure  or  formation  which 
is  capable  of  covering  hundreds  of  square  miles.  Water  may  travel  a long 
way  before  it  reaches  the  well  or  spring. 

Proper  location  and  construction  of  a well  are  extremely  important. 
Outbreaks  of  diseases  carried  by  water  may  result  from  faulty  well  construc- 
tion. 

Location  of  Well 

Welt  should  be  located  above  and  as  far  as  reasonably  possible  from 
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known  or  possible  sources  of  contamination.  Minimum  recommended  distances 
are  listed  in  Table  2. 


Table  2.  Well  Location 

Source  of  Potential  Minimum  Distance 

Contamination (feet) 

Waste  disposal  lagoons 300 

Cess  Pools 150 

Privies;  manure  piles 100 

Silo  pits;  seepage  pits 150 

Milkhouse  drain  outlets 100 

Septic  tanks  and  their  disposal  fields.. 100 

Gravity  sewer  or  drain  which  is  not  pressure  tight 50 

Pressure-tight  gravity  sewer  or  drain 25 


Protection  from  Contamination 

Successful  and  safe  wells  require  adequate  protection  against  surface 
contamination.  Critical  points  are  where  the  well  passes  through  the  zone 
of  surface  contamination,  the  upper  casing  terminal,  and  also  where  the  well 
discharge  line  connects  to  the  water  supply  system. 

In  soils  exhibiting  a permeability  similar  to  that  of  fine  sand,  bac- 
terial contamination  from  the  surface  may  extend  to  as  much  as  20  feet  down. 
In  other  even  more  permeable  formations,  contamination  may  reach  even  deeper 

The  well  casing  must  be  durable  and  watertight.  Space  between  well  cas 
ing  and  sides  of  well  hole  should  be  sealed  with  cement  grout  that  is  water- 
tight to  below  the  zone  of  contamination  so  that  water  cannot  drain  around 
the  casing. 

In  fractured-  and  creviced-rock  formations,  surface  water  may  drain 
down  relatively  fast  with  little  filtering,  and  the  zone  of  surface  contam- 
ination may  be  quite  deep.  In  some  cases,  local  geological  conditions  may 
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make  it  desirable  to  case  and  grout  the  well  to  below  the  pump  intake  setting. 

The  upper  casing  terminal  should  be  provided  with  a watertight  seal  or 
cap.  The  terminal  or  the  well  vent-line  should  be  at  least  2 feet  above  the 
flood  level.  For  maximum  protection,  the  top  of  the  casing  is  protected 
within  a pumphouse. 

In  some  areas,  it  is  common  practice  to  terminate  the  casing  below  the 
frost  level  in  a pit.  This  protects  the  water-carrying  parts  from  freezing 
and  facilitates  the  connection  of  underground  discharge  piping.  However, 
the  U.3.  Public  Health  Service  recommends  that  pits  not  be  used  because  of 
the  difficulty  of  providing  proper  drainage  from  them.  Many  problems  of  well 
contamination  have  been  traced  to  the  flooding  of  well  pits. 

Well  Development 

Wells  in  unconsolidated  materials  usually  need  to  be  "developed"  for 
maximum  yield  of  water  with  minimum  draw-down. 

Well  development  consists  of  removing  the  finer  particles  from  the  water- 
bearing material  around  the  well  screen,  which  increases  permeability  of  the 
material  and  facilitates  flow  of  water  into  the  well.  It  also  retards  clog- 
ging of  screens  and  pumps  with  clay  and  silt. 

The  most  common  method  of  developing  a well  is  surging  the  water.  A 
piston  or  plunger  is  moved  up  and  down  causing  water  to  surge  in  and  out 
through  the  well  screen.  Fine  particles  are  drawn  into  the  well  from  the 
aquifer  and  then  pumped  or  bailed  out  of  it  at  the  top. 

Well  Disinfection 

Before  water  from  a new  well  is  analyzed  for  purity,  the  entire  water- 
supply  system  should  be  disinfected  to  kill  any  bacteria  introduced  during 
construction  of  the  well  or  installation  of  the  plumbing.  Disinfection  is 
usually  written  into  the  well-drilling  contract,  and  includes  the  following: 
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(1)  Pouring  1 gallon  of  chlorine  bleach  into  the  well.  Calcium  hypo- 
chlorite tablets  can  also  be  used; 

(2)  Flushing  the  inside  of  the  well  casing  or  interior  walls  of  a dug  well 
with  regular  chlorinated  water.  Also  washing  the  well  cap  or  well  seal; 

(3)  Drawing  water  from  water  system  (if  the  system  is  piped  into  a house). 

Do  not  use  water,  but  allow  it  to  remain  in  pipes  8 to  12  hours. 

To  thoroughly  disinfect  wells  completed  in  fractured  rock,  it  may  be 
necessary  to  back-flush  the  well  with  chlorinated  water  (100  to  $00  ppm 
chlorine)  to  neutralize  cracks  and  crevices  connected  to  the  well. 

Well  Yield 

Factors  that  determine  well  yield  include  type  of  well,  character  of  the 
aquifer,  and  depth  of  penetration  into  the  aquifer. 

Springs  and  Seeps 

Springs  occur  where  ground  water  flows  from  the  earth,  either  by  grav- 
ity or  by  artesian  pressure,  in  a concentrated  stream. 

Seeps  are  defined  as  ground  water  coming  to  the  surface  over  an  area 
without  concentration.  A water-supply  source  can  be  developed  from  seeps 
by  installing  an  infiltration  gallery  to  intercept  the  required  volume  of 
water.  An  infiltration  gallery  consists  of  a system  of  porous,  perforated 
or  open- joint  pipe  or  other  conduit  draining  to  a collection  chamber. 

Springs  and  seeps  may  occur  in  areas  subject  to  frequent  flooding. 

The  springs  which  drain  sink  holes  may  be  subject  to  contamination.  Before 
developing  a spring  as  a water-supply  source,  purity  should  be  checked  with 
the  local  health  office. 

Surface  Water  Sources 

Possible  surface  waters  for  domestic  and  farm  use  include:  ponds, 
lakes,  streams,  irrigation  ditches,  and  cisterns. 


-23- 


— 


Use  of  surface  water  involves  special  problems.  Plans  to  begin  a new 
usage  or  divert  or  dam  water  must  include  an  investigation  of  water  rights 
and  possible  restrictions.  Surface  water  intended  for  domestic  use  should 
be  treated  to  ensure  purity. 

Ponds 

Ponds  are  probably  the  most  commonly  used  surface  water  sources  for 
water  systems  and  often  are  built  specifically  for  this  purpose. 

Ideally  the  watershed  of  the  pond  should  be  fenced  to  exclude  live- 
stock and  grassed  to  avoid  erosion. 

Lakes,  Streams,  and  Irrigation  Ditches 

Lakes,  streams  and  especially  irrigation  ditches  may  present  special 
problems  when  considered  primary  or  secondary  water  sources.  For  example, 
irrigation  ditches  may  in  some  regions  contain  untreated  sewage  or  livestock 
manure.  Check  with  local  health  officials  before  even  considering  this 
source  of  domestic  water. 

Cisterns 

Cisterns  used  to  collect  rain  water  from  roofs  are  a practical  means 
of  collection  and  storage.  Excess  water  from  sources  including  truck-hauled 
water  can  be  stored  in  them. 

One  inch  of  rain  spread  over  1,000  square  feet  ol  roof  area  represents 
623  gallons.  Rainfall  at  the  rate  of  1 inch  per  hour  will  yield  about  10 
gallons  per  minute  per  1,000  square  feet  of  collection  surface. 

Rain  water  is  comparatively  pure.  The  early  stage  ol  rain  washes  the 
roof  and  drains  to  waste,  thus  increasing  the  purity  of  stored  water.  Cis- 
tern water  still  should  be  treated  if  there  is  even  the  slightest  question 

about  purity. 

Adequate  cistern  design  and  construction  will  solve  most  purity  problems 
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before  they  arise.  Monolithic  concrete  construction  is  recommended.  Round 
cisterns  are  the  most  economical  to  build.  Man-hole  covers  at  the  cistern 
opening  should  fit  tightly  to  prevent  entrance  of  dirt,  surface  water,  and 
insects . 

6.  ENGINEERING  AND  CONSTRUCTION 

Essential  elements  of  the  early  stages  of  development  include:  de- 

veloping a well  or  other  water  source;  and  associated  engineering  work  on 
a feasibility  study. 

Siting  of  the  well  and  pipeline  system  and  the  associated  engineering 
work  for  a feasibility  study  are  accomplished  in  the  early  stages  of  Water 
Association  organization  and  development.  At  this  point,  some  Water  Asso- 
ciations simply  pass  the  hat  around  and  collect  $50  to  $200  per  member  to 
attract  an  engineering  firm  for  the  early  studies  and  the  subsequent  follow- 
up engineering  work. 

Until  a well  site  has  been  established  and  its  technical  adequacy  sup- 
ported by  a geological  study,  potential  members  may  be  reluctant  to  officially 
join  a local  Water  Association.  However,  application  for  grants,  federal 
loans,  and  private  loans  can't  progress  until  the  group  has  organized  them- 
selves into  a legally-recognized  body.  Thus,  early  stages  of  the  engineer- 
ing work  must  progress  in  an  informal  manner  and  more  or  less  on  faith  until 
legal  and  technical  foundations  can  be  provided  for  the  entire  operation. 

During  the  early  stages  of  organization,  the  Water  Association  may 
collect  the  assessment  of  $50  to  $200  from  each  member  which  is  used  to  hire 
an  engineer  or  engineering  firm  to  accomplish  a local  study  plus  the  asso- 
ciated engineering  work  that  is  necessary  prior  to  applying  for  grants,  loans, 
and  private  funding.  Usually  there  is  an  understanding  that  this  same  engin- 
eering firm  will  continue  on  a retainer  basis  until  the  end  of  the  project. 
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Engineering  services  are  usually  billed  as  a percentage  of  the  cost  of 
the  total  project. 

Obtaining  easements  for  wells  and  for  the  pipeline  route  may  not  be 
expensive  but  they  can  be  time-consuming,  especially  if  absentee  owners  are 
involved.  Time  required  for  easements  should  be  figured  into  the  overall 
schedule  of  pipeline  development,  conversely,  easements  may  go  ahead  smoothly; 
easements  for  two  wells  in  one  Montana  pipeline  system  were  granted  willingly 
and  free  by  the  landowner.  However,  in  this  same  system,  a small  group  of 
landowners  in  the  close  vicinity,  and  also  a few  at  greater  distance,  had 
filed  protests  against  permitting  drilling  of  the  multiple-user  wells  on 
the  assumption  that  water  would  be  drawn  away  from  their  existing  wells. 
Subsequent  surveys  and  studies  on  this  system  proved  that  the  new  wells  were 
in  a separate  water-bearing  formation  and  would  not  affect  existing  wells. 
Opposition  to  the  new  wells  faded  as  a result  of  these  studies. 

Operating  as  a community  work  team,  the  members  of  one  Water  Association 
obtained  a trench-digging  machine  and  essentially  went  to  work  for  them- 
selves under  the  terms  of  their  own  Water  Association.  Each  member  either 
paid  or  worked  off  the  initial  sum  of  $1750.00.  This  was  a rather  short  pipe- 
line system  of  about  20  miles  and  the  neighborhood-style  project  had  ASGS 
and  FmHA  grants  and  loans  in  the  amounts  of  $23)330.00  and  $65)000.00  respec- 
tively, for  a total  of  about  $106,000.  Monthly  payments  are  $16.00  per  user 
per  month  on  their  total  monthly  loan  of  $U>950.00.  During  construction  no 
specific  engineering  firm  or  engineer  was  retained.  A small  neighborhood- 
type  pipeline  Water  Association  of  this  size  (20  miles,  or  less)  can  at  least 
consider  the  option  of  avoiding  the  expense  of  professional  engineering  assis- 
tance other  than  that  gained  from  local  governmental  agencies,  on-site  in- 
spectors, etc.  An  extensive  water  system  (more  than  20  miles)  could  not 
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successfully  choose  this  option.  Furthermore,  the  people  who  have  had  in- 
the-field  experience  with  pipeline  system  development  advise  that  engineer- 
ing assistance  is  generally  essential  and  is  best  supplied  by  the  early-on 
hiring  of  professional  services. 

In  another  Montana  location  northeast  of  Great  Falls,  15  farm-owners 
and  ranchers  privately  financed  their  own  water  pipeline  which  extends  for 
a functional  distance  of  about  30  miles.  The  total  cost  was  $72,000  with 
members  paying  $U000  each. 

7.  ADMINISTRATION  AND  FINANCING  OF  THE  SYSTEM 
Financial  Concerns 

In  both  the  Galata  and  Tiber  County  Water  Associations,  members  paid 
cash  to  attract  early  engineering  assistance  with  a feasibility  study  and 
related  work.  Galata  used  a per-member  fee  of  $200  (for  50  members);  the 
Tiber  County  Association  collected  a per-member  fee  of  $100  (for  250  mem- 
bers). An  engineering  firm  was  hired  to  accomplish  the  early  work  and  follow 
the  project  through  to  completion. 

Personnel  involved  in  organizing  northern  county  water  systems  have 
estimated  that  a 35-  to  LiO-mile  system  such  as  planned  in  the  typical  North- 
ern Plains  dry'  area  might  require  payments  of  around  $50.00  per  month;  how- 
ever, some  of  the  existing  northern- county  systems  cost  even  less  than  this 
figure  per  month.  In  the  systems  surveyed,  the  members  at  their  own  option 
make  their  payments  either  by  the  month,  or  by  the  six  months,  or  by  the  year: 
most  choose  either  the  monthly  or  six-month  schedule. 

In  the  largest  Montana  pipeline  water  system  where  an  $8  million  former 
military  installation  was  acquired  by  Association  members,  the  monthly  rate 
is  $2>.00  for  a basic  minimum  of  5000  gallons  of  metured  water  per  user.  Addi- 
tional water  can  be  purchased  at  similar  rates;  for  example,  one  user  in  the 
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system  buys  h50,000  gallons  per  month  (this  is  the  maximum  purchased  by  any 
single  member) . However,  the  majority  of  the  users  in  this  large-scale  sys- 
tem are  in  the  $25/5000  gallon  per  month  bracket. 

In  one  of  the  medium-sized  systems  surveyed,  each  member  pays  $55.00 
per  month  for  about  2500  gallons  of  non-metered  water  spread  over  each  214- 
hour  period  (i.e.  a monthly  total  input  of  75,000  gallons  of  water  per  mem- 
ber), any  part  of  which  may  be  stored  by  the  member  and  used  later  at  his 
option. 

Agricultural  and  Livestock  Operations 

In  the  grain  and  hay  fields  served  by  the  water  systems,  some  farmers 
use  propane-heated  moveable  anti-freeze  huts  around  the  water  outlets.  The 
demountable  huts  can  be  moved  to  various  pastures  and  flow  regulators  pro- 
vide desired  amounts  of  water,  depending  on  intended  usage  and  season  of 
year. 

A typical  pipeline  system  brings  the  Water  Association  pipeline  within 
200  feet  of  each  user's  residence;  from  there,  the  owner  at  his  option  can 
route  the  pipeline  wherever  he  chooses,  usually  with  1"  diameter  pipe. 

Gravity  flow  serves  for  distribution  on  some  terrain;  water  serving  one  grain 
farm  is  piped  to  the  highest  point  on  the  7000  acres  and  then  gravity  routed 
to  all  essential  areas. 

The  Galata-Tiber  regions  support  extensive  agricultural  projects  that 
revolved  primarily  around  wheat,  barley,  and  some  livestock  production.  Con- 
struction of  the  pipeline  now  affords  new  options  and  expanded  opportunities 
in  livestock  and  swine  production. 

Crop  irrigation  in  this  general  region  is  generally  accomplished  with 
water  transported  by  canal  from  Lake  Frances. 
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Maintenance  of  the  pipeline 


Operation  and  maintenance  of  the  pipeline  water  system  requires  at 
least  a part-time  superintendent  when  the  system  is  larger  than  about  20 
miles  and  20  members.  The  Tiber  County  Water  Association  employs  a super- 
intendent plus  a seasonal  assistant.  Duties  include  reading  the  meters  (if 
the  system  is  so  equipped);  making  needed  repairs;  changing  flow  regulators 
as  needed  by  members  (at  $10.00  a change);  and  generally  overseeing  the  sys- 
tem and  repairing  and  checking  it  regularly  for  proper  operation. 

Superintendents  are  generally  guaranteed  a minimum  of  work  equalling 
about  $200  per  month  plus  .15#  per  mile  for  work-related  travel.  One  of  the 
existing  smaller  pipelines  apparently  does  not  have  a superintendent,  but 
such  an  employee  is  advisable  on  the  medium-size  to  larger  systems. 

Several  contracting  firms  specialize  in  construction  of  pipeline  sys- 
tems, and  some  also  offer  to  arrange  engineering  studies  and  related  details 
for  customers.  Such  firms  do  business  in  Montana  as  well  as  other  Northern 
Plains  locations. 

6.  EQUIPMENT,  HARDWARE,  AND  INSTALLATION 
FOR  A COMMUNITY  WATER  SYSTEM 

Material  for  this  section  was  excerpted  from  The  Big  Coulee  Area 
report,  Reference  ( 1)  and  is  offered  to  represent  a typical  dpy  area  and 
the  resulting  organizational  efforts,  costs,  materials,  equipment,  etc, 
involved  in  developing  a small  community  type  of  pipeline  system.  (Costs 
are  presented  in  1976  dollars.) 

During  June  1976  the  Water  Development  Bureau  of  the  Department  of 
Natural  Resources  and  Conservation  met  with  residents  of  the  Big  Coulee 
Area  south  of  Ryegate,  Montana  to  discuss  the  need  for  a rural  domestic  water 
supply  system. 
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As  is  typical  of  many  "dry"  areas,  the  geological  formation  in  the 
Big  'Coulee  Area  causes  good-quality  water  to  be  excessively  expensive  and 
often  impossible  to  develop  by  drilling  of  wells.  Existing  wells  produce 
low-quality  water  which  adds  to  the  collected  rain  water  and  is  used  for 
gardens,  washing,  etc.  Water  for  human  drinking  is  generally  hauled  in  from 
sources  in  the  region. 

Initial  surveys  and  plans  involved  the  transportation  of  water  through 
pipelines  to  12  users  in  the  Big  Coulee  Area  with  each  user  allotted  21,600 
gallons  per  each  2U-hour  period  (a  figure  near  that  one  in  use  within  the 
Galata  system). 

The  three  major  geological  formations  were  assessed  as  follows:  (1) 

the  Claggett  (the  upper  formation)  is  generally  a poor  producer  of  water; 
however,  well  logs  of  the  area  exhibit  three  flowing  wells,  at  about  200 
feet  and  several  springs;  (2)  the  Eagle  (next  formation)  is  a sandstone 
formation  and  generally  a good  producer  of  water.  Initial  study  indicated 
that  the  proposed  well  would  be  drilled  in  the  Eagle  formation.  (3)  the 
Colorado  Shale  is  a poor  producer  of  water  and  quality  is  usually  poor. 

Using  available  well  logs  of  the  area,  an  approximate  location,  depth, 
and  yield  were  determined  for  the  new  well  in  the  Eagle  formation. 

For  purposes  of  cost  estimates,  a well  depth  of  120  feet  and  flow  rate 
of  20  (gpm)  gallons  per  minute  were  assumed.  This  flow  rate  results  in 
2,h00  gallons  per  day  for  each  of  12  users  and  would  provide  adequate  water 
for  the  humans  involved  plus  water  for  2,000  square  feet  of  lawn  and  garden 
(with  110  gallons  per  day),  two  milk  cows  (15  gallons  each),  and  l£0  head 
of  livestock  at  a total  of  1,600  gallons  per  day. 

Drilling  of  the  120-foot  well  would  probably  cost  around  $15.00  per 
foot  with  6"  iron  casing;  however,  the  Big  Coulee  Area  report  suggested  that 
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development  of  a 6"  plastic-cased  well  to  a depth  of  120  feet  might  cost 
around  $9,00  per  foot  (i.e.  in  1976  dollars).  Additionally  a test  well 

was  listed  at  a cost  of  $3-00  per  foot. 

A survey  by  the  Water  Development  Bureau  indicated  that  the  well  pump 

would  have  to  produce  a lift  of  19U  feet  at  a flow  rate  of  20  gallons  per 
minute.  Fump  capacity  would  have  to  be  1^  horsepower  and  it  was  assumed 
that  three-phase  power  would  be  available  to  the  pump  site. 

Cost  of  extending  an  electrical  line  for  a distance  oi  one  mile  to  the 
pump  site  was  estimated  at  $3>300  per  mile.  In  this  locale  there  is  also 
a charge  of  $6.00  per  horsepower  per  year  for  line  use  with  a minimum  charge 
of  $60.00  per  year.  Cost  of  a Goulds  1.5  h.p.  three-phase  motor  and  pump 
was  estimated  at  $566.00.  . An  electrical  panel  was  also  needed  at  a cost  of 

$83.00. 

Right-of-way  for  the  well  would  be  granted  by  the  landowner  in  return 
for  installation  of  an  automatic  stock  watering  tank  to  serve  100  head  of 
cattle  at  a cost  of  $160  plus  $380  for  200  feet  of  2-inch  plastic  pipe  to 
feed  the  water  tank.  Cost  of  2-inch  PVC  pipe  is  figured  at  $1.90  per  foot 
installed. 

Right-of-way  for  the  storage  tank  pipeline  was  figured  at  no  cost  be- 
cause it  appeared  that  ranch  owners  would  assess  no  charge  for  this  pipeline. 

The  pumphouse  at  a size  of  10'  x 10 1 x 8'  was  estimated  to  need  about 
10  cubic  yards  of  concrete  at  a cost  of  $3U.OO  per  cubic  yard  plus  $1.50  per 
mile  from  the  point  of  purchase. 

The  storage  tank  figured  into  this  system  was  an  8,000-gallon  tank  with 
a cost  of  $3,500;  this  size  tank  would  offer  a two-day  household  supply. 

It  was  reasoned  that  the  system  needed  such  a reserve  supply  to  offset  fail- 
ure of  pump,  motor,  or  electrical  power;  generally,  such  failures  could  be 
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repaired  within  two  days. 

To  protect  the  storage  tank,  an  insulated  metal  storage  shed  (15'  x 
15')  was  figured  at  a cost  of  $1,500  when  mounted  on  a concrete  base.  To 
maintain  the  temperature  of  water  at  a point  above  freezing,  a 2,000  watt 
electrical  heater  could  be  obtained  for  $70.00. 

A chlorination  unit  and  filter  installed  either  on  the  inlet  side  of 
the  tank  or  at  the  pump  would  cost  $500.00. 

Excavation  blasting,  where  required  in  connection  with  tank  site,  etc, 
\TOUld  cost  $10.00  per  linear  foot.  Digging  of  trenches  for  the  pipeline 
would  cost  around  0.850  per  foot.  Trenching  in  this  area  for  small  jobs  is 
estimated  at  around  0.500  to  0.600  per  foot.  In  1976,  one  company  estimated 
that  extensive  trenching  jobs  could  be  done  for  around  0.300  to  O.ItO0  per 
foot. 

Polyvinyl  chloride  (PVC)  pipe  was  planned  for  the  entire  system  with 
a pressure  rating  of  160  psi  and  a maximum  burst  pressure  of  500  psi  to  con- 
trol pressure  surges  in  the  system.  Pipe  sizes  ranged  from  2"  to  6"  with 
following  lengths:  2li,220  feet  for  the  2"  pipe:  18,750  feet  for  3"  pipe: 

16,850  feet  for  h"  pipe:  and  6,650  feet  for  6"  pipe.  Required  pipe  fittings 
included  water  meters  at  each  ranch  or  farm  location,  at  the  storage  tank, 
and  reducers  at  each  point  where  the  diameter  of  the  pipe  is  changed.  A 
"T”  is  required  at  each  branch-off  in  the  system:  manholes,  formed  of  corru- 
gated metal  pipe  are  required  at  each  valve.  Gate  valves  are  used  at  each 
branch,  two  at  the  tank,  and  one  check  valve  at  the  pump.  Pressure  reducers 
are  located  at  each  user  location;  air- vacuum  relief  valves  at  each  major 
elevation  peak  and  pressure  relief  valves  at  each  major  elevation  drop, 
and  one  at  both  ends  of  the  system. 

If  the  total  cost  of  the  water  system  was  $178, 382.00  at  5$  interest 
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Total  construction  costs  (in  1976  dollars)  are  shown  in  Table  1. 


Table  1. 

Construction  Cost  Summary 

Well  Development: 

120-foot  well  with  6"  plastic  casing  @ $9.00  per  linear  ft. 
200-foot  test  well  @ $3.00  per  linear  ft. 

Subtotal. . 


Pump  Site: 

3 phase  power  line  — 0.5  mi.  @ 3,300/mi. 

1.5  Hp  pump  and  motor 
Electric  power  panel  — 3 phase 

Pump  house  — 10  cubic  yds.  concrete  @ $314.00/ cubic  yd'. 
Delivery  — U5  mi.  @ $1.50  mi. 

Forms 

Labor  — 16  hrs.  @ $6. 93/hr. 

Subtotal . . 

Excavation : 

Backhoe  — 14,810  ft  © 600/linear  ft. 

Trenching  — 61,260  ft.  © U5^/ linear  ft. 

Blasting  --  300  ft.  © $10, 00/linear  ft. 

Subtotal . . 

Storage  Site: 

Tank  — 8,000  gallons, steel,  10  ft.  high 
Storage  shed  — 15  ft.  x 15  ft.  metal,  insulated  @ 

$20.00  per  sq.  ft. 

Electric  Heater 
Chlorination  Unit 

Subtotal. . 


Distribution  System  — PVC  Pipe: 


2ii, 220  ft.  of  2"  © 320/ft. 

18,750  ft.  of  3 i:  © 700/ft. 

I6,li50  ft.  of  h"  © $1. 08/ft. 

6,650  ft.  of  6"  © $2.3U/ft. 

Subtotal. , 


Pipe  Fittings: 


Water  meters 

(12)  0.75"  © $150.00  each 

(1)  6"  @ $310.00  each 
Reducers 

(2)  6 11  to  U"  @ $12. h2  each 
(5)  U"  to  3"  © $5*16  each 
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$ 1,080.00* 
600.00 
$ 1,680.00 


$ i,65o.oo 

566.50 

83.00 

3140.00 
67.50 

79.00 

111.00 
.$  2,897.00 


$ 2,886.00 
27,567.00 
3,000.00 
§35,U53.00 


$ 3,500.00 

U,5oo.oo 

70.00 

500.00 

.$  8,570.00 


$ 7,750.00 

13.125.00 

17.766.00 
15,561.00 

.$514,202.00 


$ 1,800.00 
310.00 

25-00 

26.00 


T 


\ 
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Table  1 (cont.) 


(3)  3"  to  2"  @ $2.26  each  $ 12.00* 

Gate  Valves 

(1)  6:i  @ $200.00  each  200.00 

(1)  U"  @ $133.56  each  1314.00 

(2)  3"  © $59.31  each  119.00 

(12)  2"  @ $21. Ul  each  257.00 

Tees 

(1)  6"  @ $50.52  each  51.00 

(It)  U"  © $28.19  each  113-00 

(5)  3"  @ $2U .79  each  12U.00 

(2)  2"  © $19. Ul  each  39.00 

Check  Valve  (2)  2 11  © $28.92  each  58.00 

Pressure  Reducing  Valves  — (12)  @ $12. U9  each  150.00 

Air  Vacuum  Relief  Valves 

(5)  U"  © $131.15  each  656.00 

(5)  2"  @ $18.61  each  93.00 

Pressure  Relief  Valves 

(5)  U"  @ $85.80  each  U29.00 

(5)  2"  © $25.00  each  173.00 

Manhole?,  (36)  © $25-00  each  900.00 

Subtotal. . . .$5,669.00 

Road  Crossings: 

(6)  6 'diameter,  U0  ft.  culverts-2U0  ft.  @ $2.50/linear  ft.  600.00 

Backhoe  Excavation  — (U)  UO  ft.  lengths  @ 600/linear  ft. 

(included  under  excavation)  96.00 

Subtotal. . . .f  696.00 

Installation: 

2"  pipe  — 2U,220  ft.  @ 680/linear  ft.  $lU,OU6.00 

3"  pipe  — 16,750  ft.  ® 700/linear  ft.  13,125-00 

U"  pipe  --  16,U50  ft.  @ 720/linear  ft.  11,8UU.00 

6"  pipe  --  6,650  ft.  @ $1. 16/linear  ft.  7,7lU.OO 

Subtotal, . .$U6, 731-00 

Right-of-Way : 

Pipe  installed  to  tank;  200  ft  @ $1.90  per  linear  ft.  $ 38O.OO 

Automatic  Stock  Waterer  160.00 

Subtotal. . .$  6U0.0C 

Final  Design,  Contract  Administration  and  Inspection:  $20,000.00 


Total  Construction  Costs $17U,3U2.00 


All  cost  figures  are  based  on  1976  dollars. 


-3U- 


I 


over  a UO-year  period,  then  the  annual  payment  would  have  been  $10,160.65. 

For  a total  of  12  users,  the  monthly  payment  would  have  been  $70.56  per  user. 

No  adverse  environmental  effects  were  anticipated  if  this  system  had 

been  built. 

Plastic  Pipe 

Plastic  pipe  is  manufactured  in  flexible,  semi-rigid,  and  rigid  form. 
Semi-rigid  or  rigid  pipe  is  most  commonly  used  for  underground  water  piping 
because  of  the  ease  and  economy  of  installation.  It  is  one-half  inch  or 
more  in  diameter  and  produced  in  coils  of  100  feet.  The  joints  may  use  nylon 
or  brass  fittings  and  stainless  steel  clamps.  Special  connections  for  join- 
ing plastic  pipe  with  copper  or  steel  are  available.  Current  methods  inciude 
gluing  and  force-fitting  of  the  joints. 

Manufacturers  have  adopted  standards  and  a uniform  system  of  labeling 
plastic  pipe.  The  label  will  usually  show  the  type  oi  plastic  used,  size, 
pressure  rating,  manufacturer's  name  or  trademark,  the  National  Sanitation 
Foundation  seal,  and  the  standard  it  meets. 

Only  pipe  and  fittings  that  have  the  National  Sanitation  Foundation 
seal  (NSF)  should  be  used.  This  protective  measure  assures  that  non-toxic 
virgin  materials  were  used  in  the  manufacturing  and  that  the  pipe  is  safe 
for  conducting  drinking  water. 

Three  types  of  plastic  pipe  which  meet  the  U.S.  Department  of  Commerce 
standards  for  use  in  household-water  supplies  are: 

(1)  Polyethylene  (PE)  — This  flexible,  or  semi-rigid  pipe  is  used  for 
cold-water  pipe  only,  since  its  strength  decreases  as  temperatures 
rise.  It  offers  pipe  with  pressure  ratings  between  80  and  160  psi. 

(2)  Polyvinyl  Chloride  (PVC)  — This  rigid  pipe  is  available  with  pres- 
sure ratings  of  50  to  315  psi.  PVC  is  used  in  some 
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permanent  irrigation  installations.  Pipe  used  for  pressure  water 
systems  should  have  a rating  of  at  least  80  psi. 

(3)  Acrylonitrile  Butadiene  Styrene  (ABS)  — This  semi-rigid  pipe  has 
various  pressure  ratings  between  80  and  160  psi. 

Friction  Loss 

Pipe  that  is  too  small  will  cause  a decrease  in  water  flow  and  water 
pressure  and  result  in  delivering  insufficient  water  at  the  required  time. 

For  example,  a one-inch  pipe  may  allow  2.15  times  more  water  to  flow  than 
will  a three-fourths-inch  pipe.  Tables  listing  friction-loss  characteristics 
of  various  types  and  sizes  of  pipes  are  available  from  manufacturers. 

Friction  loss  must  be  determined  before  a water-system  pump  or  pressure 
tank  can  be  correctly  selected  or  installed. 

Pipe  Installation 

Pipelines  are  installed  below  frost  level,  often  as  deep  as  six  feet, 
to  fulfill  various  regulations  and  prevent  freezing  of  water  during  cold 
weather.  Frost  depths  and  pipe-burial  recommendations  and  regulations  are 
available  from  local  sources. 

Plastic  pipe  requires  careful  installation  into  the  trench.  Flexible 
plastic  pipe  should  not  be  stretched,  but  rather,  should  be  laid  somewhat 
loosely  and  zig-zag  in  the  trench  so  that  at  least  an  additional  foot  per 
one  hundred  feet  is  provided  for  expansion  and  contraction. 

The  trench  bottom  is  cleared  of  sharp  rocks  that  may  puncture  the  pipe. 
Pipe  under  a driveway  subject  to  heavy  traffic  and  ordinarily  under  a stream 
should  be  installed  inside  a rigid  conduit.  Before  backfilling,  the  pipe 
should  be  covered  with  a thin  layer  of  fine  sand  or  rock-free  soil,  pipe 
underneath  a stream  can  be  passed  through  a rigid  conduit  for  ease  of  sub- 
sequent maintenance. 
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All  pipe  connections  should  be  made  under  dry  conditions.  Any  piping 
not  visibly  clean  should  be  thoroughly  washed  and  disinfected  before  instal- 
lation. Pipe  should  not  be  reused  because  leaks  or  other  structural  pipe 
failures  are  very'  difficult  to  locate  and  also  because  sealing  of  joints, 
etc,  might  cause  operational  problems  for  the  completed  pipeline. 

Valves 

Valves  are  needed  in  a water  system  to  control  the  flow  of  water.  They 
usually  are  installed  in  pipes  that  supply  water  heaters,  softeners,  and 
other  equipment  to  permit  stopping  flow  while  making  repairs  or  alterations. 

Check  valves  permit  flow  in  one  direction  only.  A foot  valve  is  a 
special  check  valve  at  the  end  of  a suction  pipe  or  below  the  jet  in  a well 
to  prevent  back-flow  and  loss  of  prime.  A relief  valve  permits  water  to 
escape  from  the  system  to  relieve  excess  pressure  and  is  spring- controlled 
and  may  be  adjustable  to  relieve  at  varying  pressures,  usually  more  than 
60  psi.  Air-relief  valves  are  located  at  high  points  on  the  system.  11  ow 
control  valves  allow  an  uniform  flow  at  various  pressures. 

Shut-off  valves  are  used  between  pump  and  pressure  tank  and  between 
pressure  tank  and  service  entry  into  the  building.  Sniffer  valves  serve 
to  bring  air  into  the  water-displacement  type  of  pressure  tank  air-volume 
control.  Frost-proof  faucets  include  a shut-off  valve  inside  the  heated 
building  and  after  each  use  the  water  between  valve  and  the  outside  faucet 
drains  off,  thus  preventing  freezing  of  the  faucet. 
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9.  WATER  QUALITY 


Planned  use  of  the  water  may  affect  the  "quality"  determination.  For 
example,  water  that  is  too  hard  for  laundry  use  may  be  perfectly  acceptable 
for  drinking.  Furthermore,  water  with  an  objectionable  odor  may  be  unsuit- 
able for  domestic  use  but  adequate  for  industrial  applications.  Chlorination 
is  the  generally  accepted  method  of  water  purification.  In  addition  to 
killing  harmful  bacteria,  chlorination  also  can  control  other  aspects  in- 
cluding bad  color  of  water,  taste,  and  disagreeable  odor. 

Although  there  is  some  opinion  that  chlorination  entails  forced  medica- 
tion, the  facts  indicate  otherwise.  Chlorine  treatment  of  water  has  been 
conducted  in  the  United  States  since  1908  with  no  observable  ill  effects  to 
the  consumers. 

Efficiency  of  chlorine  treatment  depends  upon  variables  including:  (1) 

water  temperature.;  (2)  pH  of  water:  (3)  chlorine  concentration;  and  (Ii)  con- 
tact time. 

Iron  in  Pipeline  Water 

Even  in  relatively  small  amounts,  iron  in  water  can  be  concentrated  by 
bacterial  cells,  thus  turning  the  water  red.  Although  these  bacteria  do  not 
pose  health  hazards  they  can  form  a red  slime  in  the  pipes  which  causes  rusty 
colored  water  when  the  pipes  flush  during  a surge,  etc. 

In  amounts  as  small  as  0.3  parts  per  million  (ppm),  iron  can  cause  stain 
ing  of  water  fixtures  and  laundry.  As  much  as  0.5  ppm  commonly  exist  in 
ground  water. 

Although  they  do  not  cause  disease,  the  living  iron  bacteria  produce 
problems.  They  obtain  their  necessary  ingredients  from  iron  and  can  contam- 
inate the  water  with  an  iron  stain  and  disagreeable  taste.  .Also  they  can 
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clog  pipes  and  screens. 

Manganese 

Natural  waters  ordinarily  do  not  show  more  than  one  ppm  manganese, 
which  can  turn  water  gray  or  cause  black  staining  of  laundry  and  fixtures 
if  present  in  amounts  greater  than  0.0$  ppm 
Chlorides 

If  water  contains  as  much  as  250  ppm  of  chlorides  it  will  have  a salty 
taste.  Such  water  will  generally  be  high  in  sodium  also.  Corrosion  in 
pipes  and  fixtures  is  encouraged  by  chlorides,  which  additionally  will  damage 
crops  if  used  for  irrigation. 

Hardness  < 

Water  is  judged  as  "hard  water"  when  it  contains  ions  that  form  a scum 
after  reacting  to  soap.  Magnesium  and  calcium  cause  water  to  be  "hard." 
Calcium  is  the  most  common  cause  of  hard  water.  People  in  hard- water  country 
refer  to  magnesium  as  "salts"  and  generally  become  accustomed  to  the  taste 
of  their  highly  mineralized  water. 

Bacteria  and  Water  Testing 

The  digestive  system  of  men  and  lower  animals  act  as  hosts  to  coliform 
bacteria,  which  are  not  disease-producers  but  whose  presence  may  indicate 
the  associated  pathogenic  bacteria.  Thus,  if  the  acceptable  minimum  of 
coliform  bacteria  is  exceeded  in  a sample  of  water,  the  supply  can  be  deemed 
questionable  and  should  be  treated  with  the  chlorination  process  prior  to 
drinking . 

Chlorination  of  Water  Supplies 

Higher  populations,  increased  recreation  in  rural  and  public  land  areas, 
and  widespread  industrial  activities  all  combine  to  degrade  natually  pure 
water.  Where  surface  waters  are  used  for  drinking,  chlorination  is  advis- 
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able  except  in  wilderness  regions  where  water  is  known  to  be  safe. 

Most  of  the  troublesome  microorganisms  are  killed  by  chlorination. 

For  the  small  and  medium  pipeline  systems  the  chlorination  treatment  process 
is  not  complicated  and  may  be  housed  in  a very  modest  building.  Only  about 
one  to  five  ppm  of  chlorine  are  needed  to  adequately  purify  water.  However, 
each  water  supply  will  require  its  own  level  of  chlorination. 

Livestock  Improvements 

In  Kansas,  U3  of  the  h9  farmers  in  a study  region  where  they  specialized 
in  livestock  were  able  to  increase  their  livestock  numbers  after  a pipeline 
water  system  was  constructed.  Installation  of  automatic  waterers  in  pens 
and  pastures  and  sprinkler  cooling  systems  for  livestock  helped  to  improve 
the  production  efforts.  In  other  instances,  pipeline  water  assisted  dairy 
farmers  in  switching  from  Grade  C to  Grade  A milk  production. 

In  the  Grand  Forks-Traill  Water  Users  Association,  farmers  indicated 
that  they  intended  to  increase  livestock  production  by  55  percent  as  a re- 
sult of  pipeline  water.  ( Grand  Forks-Traill  system  is  in  North  Dakota.) 

Cost  of  Hauling  Water 

During  1969  in  the  Northern  Plains  states,  water  hauled  by  truck  aver- 
aged around  30  cents  per  mile  and  average  round  trip  was  30  miles  made  twice 
a month;  thus,  the  1969  annual  cost  for  truck  hauled  water  would  be  $216. 

Cost  comparison  in  197lt  indicated  that  a rural  water  system  was  less 
expensive  than  commercial  hauling  of  water  when  consumption  exceeded  375 
gallons  per  month.  Private  well  vs  system:  below  5,000  gallons  per  month  the 

rural  water  system  was  less  expensive;  at  usage  rates  of  more  than  5>000 
gallons  per  month  the  private  well  had  a cost  advantage. 

Economic  Feasibility 

The  dry  areas  served  by  pipeline  systems  are  typically  sparsely  pop- 
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ulated.  Thus,  the  per  capita  cost  is  much  greater  than  would  be  true  lor 
the  same  system  located  in  a more  populous  area.  For  example,  in  North 
Dakota,  the  average  population  density  is  8.9  people  per  square  mile  (1975) • 
Research  has  indicated  that  in  such  an  area  a pipeline  system  must  serve 
approximately  two  customers  per  mile  of  pipeline. 
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10.  DESERTS  AWD  REMEDIAL  El  .'CRTS 

The  world's  "old"  deserts  (.row  bigger  and  drier(at  least 
around  the  edges)  , and  new  ones  emerge  perhaps  largely  as  a result 
of  human  population,  trends  and  poor  management.  Whether  in  eastern 
Montana,  Mexico  or  the  Kalahari,  poor  management  of  drylands,  if 
continued,  is  destined  to  tip  the  natural  balance  toward  deserti- 
fication and  less  production,  which  in  turn  spawns  more  human 
suffering. 

World  scientists  are  alarmed  over  the  prospect  of  new  levels 
of  increased  hunger  and  starvation  among  dwellers  of  the  sand-dune 
country  and  farmers  in  tne  world's  marginally  dry  agricultural 
and  livestock  areas. 

Exaggerated  production  demands  on  land  that  is  inherently 
marginal  as  to  rainfall,  soil  fertility,  etc,  encourages  desertification. 
Canals  and  pipelines  can  in  some  selected  and  geographically- 
limited  instances  enable  the  desert  to  bloom.  The  outstanding 
success  that  Israel  accomplished  on  her  deserts  resulted  as  much 
from  an  understanding  and  reverence  for  living  things  as  it  did 
from  fertilizers  and  other  technological  assistance. 

The  realities  of  climate  and  lack  of  rain  are  the  final  tools 
that  carve  deserts  from  relatively  productive  drylands.  However, 
it  is  man's  known  inability  to  restrain  himself  and  match  his 
needs  and  numbers  to  the  land,  vegetation,  trees,  rainfall,  and 
climate  that  convert  livable  drylands  into  totally  unlivable 
deserts . 
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Attempting  to  wring  increased  production  out  of  land  that 
is  on  its  knees,  ecologically  speaking,  is  as  senseless  and 
nonproductive  as  overloading  to  the  point  of  injury  a pack  horse 
or  burro.  Ecological  "overloading"  has  marked  the  human-devised 
centuries  and  continues  to  take  its  visible  toll  in  underdeveloped 
countries  and  just  as  surely  but  less  visibly  it  exists  in  the 
developed  world  and  agribusiness-administered  crop  and  grazing  lands. 

Human  intelligence  has  shifted  the  balance.  Thus,  sparse 
living  offered  by  the  drylands  environment  does  not  sufficiently 
lessen  human  reproduction  over  the  short  term  but  lethal  population 
upswings  eventually  starve  people  into  extinction  or  at  least  turn 
them  into  very  marginal  residents  or  homeless  refugees. 

In  19?7,  the  United  Nations  conference  on  global  desertification 
convened  in  Nairobi,  Kenya.  Attending  were  some  1^00  delegates  from 
100  countries  ana  150  governmental  and  private  organizations.  Ihe 
need  lor  a world-organized  plan  to  reverse  desertification  was 

discussed  during  this  meeting. 

It  has  become  apparent  that  deserts  are  not  so  much  chance 
occurrences  as  they  are  predictable  and  integral  parts  of  global 
weather  systems  that  distribute  just  so  much  rainfall;  offering  in- 
sufficient rain  to  favoured  regions  while  denying  it  to  others. 

The  world's  deserts  and  their  inhabitants  can  not  be  merely 
written  off  as  lost  causes  if  one  values  ethical  and  humane  answers 
to  world  ecological  and  social  problems  nor  can  the  populations  readily 
be  absorbed  into  more  fruitful  agricultural  lands.  Helocations  of 
humans  on  any  appreciable  scale  is  unwanted  by  both  those  oeing 


-45- 


1 


V 


i- 


■i 


* 


moved  and  their  assigned  new  neighbors.  This  problem  alone  is 
suflicient  to  stagger  even  the  most  bountiful  resources  and  the 
best  minds  of  our  scientific  community.  Approximately  14  percent 
of  world  population,  totalling  some  628  million  people,  live  in  the 
drylands  and  are  dependent  upon  chancy  and  low-level  agricultural 
productivity  that  is  being  threatened  by  spreading  and  worsening 
desertification. 

Canals,  aqueducts  and  pipelines  along  with  tribal  rain 
dances  represent  ancient  attempts  to  reconcile  distribution  of 
precipitation  and  surface  waters  with  man's  choices.  Artificial 
distribution  of  water  on  a large  scale  is  an  expensive  option  to 
simply  allowing  or  forcing  people  to  live  under  more  crowded  circum- 
stances in  the  adequately-watered  regions. 

Deserts  and  the  struggle  to  wrest  a living  there  are,  of  course, 
not  the  proprietary  problemsof  our  present  century.  Across  the  hot, 
dry  and  marching  sands  of  the  Middle  East  there  once  existed  a fertile 
"green  giant"  — an  agricultural  bonanza  land.  This  ancient  civil- 
ization of  Babylon  and  others  such  as  Ur,  Dilmun  and  Ebla  flourished 
and  went  their  way  to  oblivion  along  with  a terminal  drying  and 
desertification  of  entire  regions. 

In  some  instances  climate  alone  may  nave  shifted  and  created 
deserts;  in  others  it  is  certain  that  nian  tipped  the  delicate 
balance  of  marginally-dry  lands,  and  climate  typically  played  its 
role  to  complete  the  desertification  sequence. 

At  the  Nairobi  conference,  technical  reports  concerning 
mismanagement  of  agricultural  and  grazing  lands  revealed  that  men 
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continue  using  the  questionable  practices  that  doomed  ancient 
civilizations  of  the  Middle  East.  Dust-begetters  such  as  the 
following  are  common:  overgrazing;  timber  cutting  to  excess;  improper 
tillage;  livestock  trampling  and  crowding  around  water  holes  or  wells; 
cutting  and  feeding  green  trees  to  goats  and  other  livestock  during 
droughts;  misuse  of  irrigation  with  the  resulting  salinization 
of  formerly  productive  land.  One  field  or  an  entire  region  can  be 
killed  and  headed  toward  desertification  by  irrigation  practices  that 
waterlog  poorly-drained  soils  or  otherwise  deposit  toxic  salts  therein. 

In  recent  decades,  improved  access  to  medical  and  veterinarian 
facilities  and  associated  outside  help  have  encouraged  increases  in 

people  and  livestock  in  dryland  areas  where  formerly  their  numbers 
were  being  regularly  subdued  over  the  short-term.  The  original  relation- 
ship between  man  and  nature  was  on  a pay-as-you-go  basis.  Now, 
outside  assistance  and  technology  have  allowed  surpluses  of  humanity 
in  areas  that  can  not  biologically  support  them.  Some  "surplus" 
people  "escape"  from  the  drought  or  developing  desert  to  the  outskirts 
shack  towns  or  the  inner-city  ghetto;  others  not  so  fortunate  do  not 
survive . 

Livestock  rotation  is  the  basic  and  ancient  management  practice 
of  the  nomadic  tribes  Lathe  dunes  country.  Their  livestock  were 
moved  constantly  away  from  already  grazed  land  and  toward  pastures 
that  had  renewed  themselves.  It  worked  well  for  small  roving  bands 
of  subsistence-living  tribes  ranging  over  immense  expanses  of  non- 
populated  regions.  Applying  similar  principles  to  irrigation,  the 
Iraqi  farmers  irrigated  a pasture  only  every  other  year,  allowing  it 
to  renew  itself  and  overcome  any  trend  toward  salinization. 
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Today  throughout  the  world's  drylands  the  once  extensive 
forest  lands  have  been  denuded.  Even  the  very  last  trees,  representing 
the  last  trace  of  greenery,  have  been  harvested  to  further  condemn 
the  area  as  a totally  worthless  and  unlivable  wasteland  in  which  only 
limited  lower  animal  forms  can  survive. 

Documentation  at  the  Nairobi  conference  also  touched  upon  tne 
excessive  cutting  of  timber  in  the  United  States  and  the  opening  of 
land  to  erosion  and  permanent  damage.  National  and  private  forests  of 
the  western  states  have  not  in  many  visible  areas  thrived  on  the  level 
of  harvesting  exacted  from  them.  The  relative  scarcity  of  good  lumber 
and  high  prices  escalates  this  pressure. 

No  universally-acceptable  solution  to  the  rise  of  desertification 
graced  the  Nairobi  conference,  but  the  problems  have  been  specifically 
assessed,  up-dated  and  tentative  planning  documented.  One  of  the 
basic  recovery  avenues  universally  valuable  is  population  planning 
but  it  has  met  with  opposition  and  benign  avoidance  in  the  underdeveloped 
countries  where  most  urgently  needed. 

CIA  and  State  Department  analysts  predict  in  their  recent  study 
that  the  world's  forests  may  shrink  alarmingly  by  year  2000.  Twenty 
years  ago  at  least  one-fourth  of  the  world's  land  surface  was  covered 
with  forests.  By  year  2000,  if  study  predictions  are  anywhere  near 
accurate,  desert  trees  and  dryland  forests  will  be  cut  back  to  cover 
only  one-sixth  of  the  globe's  surface. 

In  the  underdeveloped  countries  prices  and  actual  scarcity 
will  put  fuel  wood  and  charcoal  for  cooking  out  of  the  economic  reach 
of  not  only  the  subsistence  market  but  also  much  of  the  general 
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market  in  the  poorer  countries*  Adding  to  this  year-2000  problem, 
the  already  heavily  stressed  underdeveloped  countries  will  have  to 
absorb  90  percent  of  a predicted  increase  of  2.3  billion  additional 
people . 

Deserts  reflect  wasted  resources.  Man’s  efforts  to  overcome 
climatic  and  ecological  obstacles  and  repopulate  the  deserts  by 
technological  force  alone  are  not  to  be  favoured  with  benign  smiles 
from  the  goddess  of  success.  It  will  require  a gentle  and  understanding 
botanically-oriented  approach  to  ensure  even  a fair  measure  of  success. 

For  the  benefit  of  coastal  drylands  dwellers,  scientists  are 
hoping  to  develop  food  plants  tiqat  can  flourish  in  brackish  or  salt 
water.  If  successful  it  could  turn  coastal  deserts  into  food-producing 
"farms"  within  two  mpre  decades.  At  the  University  of  California  a 
plant -nutrition  expert  says  that  it  is  possible  to  grow  barley  from 
seed  to  seed  using  100  percent  seawater  salinity  and  with  a yield  that 
is  promising.  Also,  wheat  has  been  grown  with  100  percent  seawater 
salanity  and  tomatoes  have  been  cultivated  in  7 0 percent  salinity  to 
the  stage  of  reproduction, and  with  no  unusual  amount  of  salanity  in  the 
crops  or  food. 

These  food  crops  and  seawater  experiments  may  eventually 
help  to  revitalize  as  much  as  20,000  miles  of  coastal  desert  where 
there  is  an  abundance  of  sand,  sun  and  seawater.  Large  coastal 
deserts  typically  exist  in  the  Far  East,  the  Near  East,  Arabian  Penin- 
sula, North  African  coast  and  Baja  California. 

In  Mexico's  deserts  and  other  world  desert  locations, 
experiments  are  progressing  to  study  the  us§  of  extremely  large  and 
flexible  plastic  greenhouses  that  are  cooled  by  water  sprayed  inside 
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and  kept  inflated  by  motors.  Relatively  large  amounts  of  food  crops 
may  eventually  be  produced  in  such  "greenhouses."  Primarily  the 
greenhouse  serves  to  prevent  evaporation  and  maintain  the  level  of 
moisture  required  for  productive  growth. 

Is  it  possible  to  move  the  world's  desert  and  marginal-land 
dwellers  to  more  productive  places?  Probably  not,  at  least  not  on 
a sufficiently  large  scale  to  make  a dent  in  the  problem.  One  only 
has  to  review  the  influx  of  refugees  and  their  largely  unhappy  welcomes 
duping  recent  military  events  ,and  historically  ,to  realize  that 
huge  masses  of  farmers  and  herdsmen  with  their  grass-destroying 
livestock  are  not  going  to  be  freely  accepted  in  very  many  societies 
of  our  modern  world. 

Starvation  will  cut  the  fabric  of  mankind's  productivity  to 
fit  the  ecological  patterns  of  the  marginal  lands,  except  in  cases 
where  the  desert  can  be  made  to  bloom  through  careful  rehabilitation. 
Pipelines  and  canals  have  served  to  pamper  a bit  of  the  desert  here 
and  there  so  that  it  supports  limited  populations.  Natural  deserts, 
of  course,  can  support  a sprinkling  of  primitives  whose  needs  are 
as  natural  as  those  of  any  other  desert  anxmal. 

Presently,  desert  modification  for  those  humans  who  desire  a 
modern  way  of  life  is  possible  only  if  appropriate  fundxng  is  available, 
and  the  price  tag  may  be  high.  In  addition,  it  requires  a willingness 
to  sacrifice  creature  comforts  and  an  input  of  self  discipline  and 
planning  capability.  The  kinds  of  people  who  can  conquer  deserts 
could  also  grow  a vegetable  garden  on  the  moon  if  they  had  to  do  it. 

Finally,  those  few  scientists  who  forsee  a future  sweetened 
by  successful  and  widespread  desert  modification  for  the  human  masses 
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within  a few  decades  are  probably  following  a dilettante  dream  all 
the  way  through  to  the  bitter,  frustrating  and  non-fertile  fields 
of  early  failure.  However,  as  one  would  expect,  even  a fairly 
routine  breakthrough  in  regard  to  desalinization  methods,  or  some 
other  equal  success,  could  reverse  the  odds  and  literally  turn 
global  deserts  into  productive  gardens. 

One  can  only  hope  that  wherever  desert  modification  is  accomp- 
lished, it  will  be  in  a style  and  to  a degree  that  will  not  of  itself 
generate  future  "deserts”  of  other  kinds. 
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